A Novel Method of Tissue Collection and Storage: Validation Using SELDI-TOF MS Analysis
To the Editor: Bouamrani et al. (1 ) recently reported an approach to SELDI-TOF mass spectrometry that uses direct apposition of cryosections onto proteinchips to enrich spectral profiles and improve the discriminatory power of the technique. To prevent protein degradation, however, samples must be stored frozen and locally processed or shipped frozen to a proteomics facility. We have found that tissue can be preserved on filter paper in a way that maintains the protein profiles obtained with frozen tissues and allows targeted tissue analysis and storage at room temperature.
We use a type of filter paper routinely used for body fluid sample collection, transport, and archiving for various analyses (2 ) . We used serial coronal sections from frozen rat brains at the caudate-putamen (CP) level (anteroposterior: 0.70 mm from bregma) to compare nonpaper-and paper-collection methods. Nonpaper methods comprised 2 different techniques, tissue apposition (TA) and tissue lysate (TL). For TA, 4 mm 2 of the CP area was isolated from 10-m cryosections and apposed onto an NP20 proteinchip. For TL, a similar 4-mm 2 sample was inserted into an Eppendorf tube and 20 L lysis buffer (LB) or distilled water (dH 2 O) was added, vortexmixed (30 s), left 10 min on ice, centrifuged, and then 2 L of the supernatant was pipetted onto the protein chip. The paper methods also compared the 2 techniques of apposition and lysate. Cryosections (20 m) were collected onto a filter paper (903-paper®, Whatman) and dried 2 h at room temperature. Then we used a micropuncher to remove 2-mm micropunches from the CP. For paper apposition (PA), the micropunch was applied onto adhesive tape and briefly rehydrated (60 s) with 1 L LB or dH 2 0 on its tissue-side before apposing onto the proteinchip. For paper lysate (PL), the micropunch was processed in a tube similarly to TL, and 2 L of the supernatant was pipetted onto the proteinchip. We compared LB and dH 2 O protein extraction protocols because protein profiles may depend on the elution buffer (2 ) . We assessed protein stability on paper by collecting and drying tissue as above and packing the paper in a storage bag with desiccant sachets before storing it for 30 days in a drawer at room temperature. Sinapinic (SPA) matrix was applied to the proteinchip arrays before reading with the Ciphergen ProteinChip® Reader PCS4000 (6000 nJ laser energy). Data were analyzed with Ciphergen Express software. Repeatability and reproducibility were assessed with 2 sets of duplicate samples run on consecutive days, calculating intra-and interassay CVs. A detailed protocol is available on request.
No major differences were found between TA and PA or TL and PL, suggesting that the 100% pure cotton linters paper did not interfere with the analysis. The closest mass spectral pattern to TA was obtained with PA ( Fig. 1, A and B) . In contrast, TL and PL showed fewer peaks within the 4 -8 kDa range (Fig. 1A ) in agreement with previous reports (1 ) (2 ) , and lower peak intensities with most peaks barely above background noise resulting in inaccurate peak labeling (Fig. 1, A and B) . In addition to spectral enrichment, PA was the quickest method (1-2 min vs 45 min for PL), allowing easy handling of thin tissue sections and micropunching to collect replicate selections of minute regions of interest. This method simplifies targeted tissue analysis for tissue proteomic mapping compared to molecular histology (3 ) or proteohistography (4 ) . The PA method also demonstrated repeatable and reproducible measurements with an intra-and interassay pooled CV Ͻ0.06% for m/z, and between 6.9% and 14% for intensity (Fig. 1C) , these values are well within the acceptable range (5 ). Dried paper stored at room temperature for 30 days gave similar spectra to those obtained from freshly processed papers (Fig. 1D) . The absence of protein denaturation in air-dried samples without protease inhibitors may stem from the absorption/drying characteristics of the 903-paper. Regarding protein recovery, the paper rehydration with dH 2 O led to spectra similar to those of LB (Fig. 1E, upper  panel) . In contrast, dH 2 O protein extraction for the TL method resulted in spectra with more peaks of greater amplitude than with LB (Fig. 1E,  lower panel) . The fact that dH 2 O is more acidic than LB may have altered the ionization process and the resulting spectrum (2 ) . In contrast, the rapid paper rehydration with only 1 L solution may have minimized chemical interactions.
In summary, this simple, time-efficient method for collection and targeted analysis allows room temperature storage of tissue for at least 30 days. This method may facilitate shipping and sharing between laboratories, and it opens new perspectives in clinical and experimental proteomics, as well as in genomics and transcriptomics. Cryosectioned rat brain tissues were either directly apposed onto the spots of an NP20 proteinchip array (TA) or processed in LB before pipetting the lysate onto the proteinchip (TL). The 2 paper methods implemented an additional step of tissue collection using a filter paper that was either rehydrated and apposed onto the proteinchip (PA) or processed in LB (PL). (A), comparison of mass-to-charge spectral patterns from the 4 different techniques. Note that the PA spectral profile compared best to the gold standard TA technique. (B), spectra magnification: for the lysate techniques, peak amplitudes are low and drowned in the background noise resulting in inaccurate automatic peak labeling (arrows). (C), spectra from serial coronal sections showing repeatability and reproducibility of protein profiles obtained from 2 duplicate TA samples run at 1-day interval. (D), spectra obtained from the PA procedure of fresh samples (Day 0) and after 30 days storage at room temperature (Day 30); superimposition of the 2 spectra demonstrating protein stability. (E), protein recovery using either LB or dH 2 (2 ) . Protection of flavivirus antigen was demonstrated by antigencapture ELISA (3 ), and antibody assays have been completed using RNAlater-preserved materials (4 ). According to the manufacturer the lack of RNAlater toxicity makes the product user-friendly for sample transportation, but biological safety may still be a concern with some RNAlater-treated specimens. Picornavirus, rhabdovirus, and HIV in cell culture supernatants retain infectivity after RNAlater stabilization (5 ). The study described here evaluates the risk of remaining poxvirus infectivity from cultured cells and tissue specimens fixed with RNAlater at various temperatures mimicking field conditions. Semiconfluent Hep2 cells were infected with an orthopoxvirus (vaccinia virus, VV, strain NYCDH) at a multiplicity of infection of 0.1 and incubated for 24 h. After removal of the supernatant, cells were covered with RNAlater and stored at 20°C in a biological safety cabinet. After 5 days, vaccinia virus-infected cells were harvested, freeze-thawed to release intracellular virus, and centrifuged at 15 000g; then the pellet was resuspended in growth medium (DMEM, Gibco). Concurrently, to assess retention of vaccinia virus infectivity in RNAlater-preserved organ tissue, embryonated chicken eggs were infected with 100 plaque forming units (PFU) of vaccinia virus and dissected after 3 days of incubation. The chick embryo livers were removed and placed into RNAlater. To duplicate field conditions the submerged tissue was incubated at 4, 20, and 37°C. After 5 days, RNAlatertreated tissues were washed once in PBS and homogenized in 1 mL growth medium. Aliquots were processed for standard plaque assay and DNA isolation (Qiagen QIAamp DNA Blood Mini Kit). DNA was amplified by PCR with previously described primer sequences and cycling conditions using the orthopoxvirus (OPV)-specific rpo18-assay (6 ) in a real-time PCR sequence detection system (Stratagene Mx3005P ™ ). For virus quantification the ratio of infectious vaccinia virus particles (PFU) and viral genomic DNA [genome equivalents (GE)] were calculated referring to 10 4 GE of a chickenspecific reference gene [TATA-box binding protein (TBP) NM_205103]. Primers and hybridization probe for TBP were as follows: gTgTCCACggTgAATCTTgg (galTBP F, 57.3°C), TgCATTCTAACATACTTCTCTTACCTTg (galTBP R, 56.5°C), F-CgTgCCCgAAATgCTgAATATA-ATCCCA q (galTBP TM, 67.9°C, F: 6-FAM, q: dark quencher). Results from RNAlater-treated samples were compared with data from liver specimens frozen at Ϫ20°C without RNAlater treatment. After 5 days at 20°C in RNAlater, the treated cell culture samples retained 5.9 ϫ 10 9 PFU/L of vaccinia virus, compared with 1.7 ϫ 10 10 PFU/L for the untreated controls. Similarly, vaccinia virus could be detected in all infected chicken embryo liver samples (Fig. 1) . Infectivity was inversely proportional to storage temperatures (37°C, ϳ4 log 10 decrease in titer; 20°C, 2 log 10 decrease; 4°C, 1 log 10 decrease). Vaccinia virus DNA remained stable at all incubation temperatures during 5 days of storage compared with the Ϫ20°C frozen control specimen.
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